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SUBJECT: PHASE I - G@OLOGIC/SEISMIC STUDY FOR THE 
CITY OF NEWPORT BEACH GENERAL PLAN 


Gentlemens: 


In accordance with your authorization, we have completed 
the first phase of the Geologic/Seismic Study for the CIty. 
of Newport Beach. The results of that study are included in 
the attached draft wport. 


We would be happy to meet with you after you have 
reviewed the report to answer any questions or discuss 
plans for further study. Please contact one of the 
undersigned at your convenience. 


Yours very truly, 


WOODWARD=McNEILL & ASSOCIATES 
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PHASE I 
GEOLOGIC/SEISMIC STUDY 
Or, Ene 
CITY OF NEWPORT BEACH 


GENERAL PLAN 


1.0 INTRODUCTION 

The rapid urbanization of Orange County is placing ever 
increasing demands on the natural resources of the County, and in 
particular on those resources along the prime coastal strip. The 
projected corporate bounds of the City of Newport Beach comprise 
a major portion of that coastal strip. The increased emphasis on 
effective maximal utilization of remaining open and redevelopable 
Space requires that the land-use planner use all available 
information inthe formulation of a General Plan, not only to fit 
future development to the area, but also to provide for the 
public well-being. Although urban geology is but one item in the 
bank upon which the planner must draw, it is nevertheless a 
critically important item which impacts on many of the elements 
of the General Plan, 

While urban geology has only recently been recognized as 
having appreciable bearing on the growth and/or maximal use of a 
city's natural resources, its principles are relatively well 
known, When correctly applied, urban geology may aid the planner 


to make most effective use of the resources available, avoid 
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troublesome geologic problem areas, and increase the public 
safety. 
1.1 PURPOSE 
The purpose of this geologic/seismic study is to provide 
the City of Newport Beach with the necessary data and data 
interpretation to take the maximum advantage, in terms of 
development and safety, of the city's natural geologic setting. 
Tee (SCOPE 
This Phase I Geologic/Seismic Study Report presents’ the 
City of Newport Beach with land planning data and recommended 
planning guidelines for the Study Area indicated in Fig. l. The 
land planning influences of the following geologic/soils/seismic 
subject areas we included: 


A Geologic setting 


2 Location of major faults 
Bie Seismicity 

4. Seismic hazards 

53 Tsunami 


6. Slope stability 


de ExpanSive/collapsible soils 
or Erosion 
oh Shoreline regression 
1:07 Land subsidence 
Te Mineral resource depletion, and 


aye Flooding 
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Although outside of the geologic/soils/seismic study 
field, .a Drier erevy levee Oa tine potential flood hazard has been 
included at the request of the city. 

The wide study scope and budget limitations have 
necessarily limited the depth of the study. The methods used to 
accumulate data and the limitations to the study are discussed 
below. Recommendations for continuing Phase II studies are 
presented in Section 4.0. 

1.3 METHODS OF DATA ACCUMULATION 

No site investigations or laboratory testing were made 
for this s4udy. All of the data used for this study are from the 
following sources: 

i Soil and geologic reports in the files of the City 

of Newport Beach, the Irvine Company, and Woodward- 
McNeill and Associates, 

ae Published papers, 

Sh Ore a eieies, and 

4, Woodward-McNeill and Associates' experience in the 

Southern California area. 

A dasting of the majority of the sources of information 
identified in Items 1, 2 and 3 above are presented in Appendix G, 
"Bibliography and References". 

1.4 LIMITATIONS 

Land planning must be a dynamic process, or it becomes 
dated and obsolete. The same is true for the background data 
used to make land planning decisions. It is, therefore, intended 


that information presented in this report be updated as 
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additional data become available. This is especially true in the 
field of seismicity and soil dynamics where the _ state of 
knowledge is expanding rapidly. 

It has been attempted within the body of the report to 
point out limitations in data and areas where additional study is 
necessary. The report is concluded with recommendations for 


further study, 
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2.0 GEOLOGIC SETTING 

The City of Newport Beach lies on and adjacent to a natural 
harbor on the Orange County coastline (Fig.l). It is bounded on 
the north by the Santa Ana River, on the east by terrace and 
floodplain deposits, and on the south by the San Joaguin Hillis, 
The city itself is partly situated on recent marine sands and 
silts resulting from littoral drift downcoast of the Santa Ana 
River, and partly on Quaternary marine terrace deposits which 
border the ocean and Newport Bay (Fig 1A). Development is quite 
intensive inthe Lower Newport Bay area and along the bluffs 
bordering the Lower Bay. Less extensive, though continuing, 
development is taking place along the older marine terraces 
bordering the Upper Bay, and along the Upper Bay itself. Corona 
del Mar, a suburb of Newport Beach, lies on marine terrace 
deposits to the south of the main portion of town, These terrace 
deposits continue south and along the highway to Laguna Beach. 
Residential development is slowly mshing into the San Joaquin 
Hills, a faulted, complex mixture of sedimentary and volcanic 
rocks. 

Physiographically, the Newport Beach Study area may be 
divided into three zones: the harbor and estuarine zone, 
including the Upper and Lower Bays and the shoreline beaches; the 
recent marine terraces, including the bluff areas, Newport 
Center, and Corona del Mar; and the hill areas, primarily the San 
Joaquin Hilts, Structurally, the study area is underlain by a 
broad anticlinal structure to the east of the harbor area, 


aligned in a general N-S direction. 
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2.1 GEOLOGIC UNITS 


A number of geologic units are found within the 


boundaries of the city. These units are: 


Topanga Formation: (Middle Miocene) 
The Topanga Formation consists of a buff 


- colored, medium - to coarse - grained 
sandstone, which may locally contain 
tuffaceous volcanic material. Pe is 


found along the foot of the bluffs near 
University Drive, and in the San Joaquin 
Hilis. It is moderately well cemented 
and massive in appearance. 


Monterey Shale: (Miocene Age) 


The Monterey Formation is found at the 
foot of ‘the ‘bluffs®*’ along-\the ‘Coast 
Highway, along the Corona del Mar and 
Upper Bay shorelines, and in the San 
Joaquin Hills. The Monterey Shale is 
typically a thin - bedded, diatomaceous, 
silty to sandy shale with siltstone, 
sandstone and chert interbeds, Tees 
light) tanto “whitish in color and is 
commonly contorted and folded. 


Capistrano Siltstone: (Miocene=Pliocene 
Age) 


The Capistrano Formation is younger than 


the Monterey and overlies it. Its 
appearance is quite similar ne. the 
Monterey. The Capistrano is found along 


the margins of the Upper Bay and in the 
San Joaquin Hills. i HOipeettypicaily a 
moderately massive siltstone with clay 
and sand lenses. Folding and disturbance 
of the beds is much less than that of the 
Monterey Formation. 


Un-named Sandstone: 


The Un=-named Sandstone is found along the 
margins of the Upper Bay. It is light 
brown to white in color and is poorly 
cemented, Of relatively minor extent, it 
is important only insofar as it affects 
the stability of the Upper Bay bluffs. 
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Marine Terrace Deposits: (Plio- 
Pleistocene Age 


The marine terrace deposits comprise the 
greatest areal extent of surficial 
qeollogue tunics wathin sthepeity.. These 
deposits form the mesas on which Newport 
Heights, all the development around the 
Upper Bay, Newport Center, and Corona del 
Mar we built. Further older terrace 

deposits are found at higher elevations 
in the San Joaquin Hills. These. terrace 
deposits are typically fine - to medium - 
grained sands with minor amounts of 
gravel and cobbles. 


Estaurine and Lagoonal Deposits: (Recent) 


These recently deposited materials are 
found in the Upper Bay, and to a lesser 
extent in the Lower Bay, and at the Santa 


Ana River mouth. They include sands, 
silts, and clays, with the fine - grained 
sediments predominating. They have 
resulted from deposition in brackish 
water areas. The fine - grained 
sediments are commonly soft, 


compressible, and may contain appreciable 
organic material. 


Marine Sands: (Recent) 


Most of the Lower Bay development has 
been built on marine beach sands, either 
natural deposits or reworked dredged 
sands. These deposits result from the 
southward drift of sands carried to the 
ocean by the Santa Ana and San Gabriel 
Rivers. The sands are commonly medium 
grained, and may contain lenses of silt, 
gravel or organic materials. 
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3.0 GEOTECHNICAL INFLUENCE ON LAND PLANNING 
3. ASE ESM LCI, 
Se Non-Technical Summary 
This section of the report is prepared to 
provide information regarding Seismic Hazard for background to 
the Land Planning Study for the City of Newport Beach. This 
presentation includes technical material requiring technical 
education and experience to assimilate. Suche] ta technical 
presentation is obviously necessary so that the staff of the City 
of Newport Beach will have the basic data on potential Seismic 
Hazard within the boundaries of the study area. It is equally 
obvious, however, that there are many nontechnical people who 
have intense interest in the findings of this study. For? tthe 
convenience of those parties, this subsection of the report will 
present, in narrative form, a nontechnical summary of the work 
reported herein, Further, a basic nontechnical narrative is 
included in Appendix C on Earthquake Associated Damage. 
Three primary seismic hazards are present within 
the study area. These hazards are: 
ks Ground breakage resulting from a_ surface 
rupture of a fault 
2% Ground shaking during an earthquake, and 
3% Grounds #farluren tin: the oform “of soil 
strength loss which is usually reflected 
in large settlements, building foundation 


failures and slope failures, 
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Such seismic hazards are present in many other areas along most 
of the Pacific Coast of North and South America, and many other 
areas throughout the world. 

In order to provide the City with preliminary 
guidelines for land planning purposes, a Seismic Hazard Zoning 
Map (Fig. 2B) has been prepared, As discussed in more detail in 
the sections which follow, that map delineates the study areas 
where these potential seismic hazards should be evaluated. 

The study of the effects of 09 February 1971 
San Fernando earthquake showed that structures were subjected to 
ground motions larger than those conventionally stated by the 
codified building design pocedures in this state, although not 
necssarily more than expected in other locations in Southern 
California. For example, present building codes require that 
multistory structures be designed for accelerations of perhaps 
10% of gravity or less, the applicable values being Calcubated 
from equations and tables compiled in the building code. Within 
the City of San Fernando, peak ground accelerations on the order 
of 30% to 50% of gravity probably occurred on the morning of 09 
February 1971. The disparity between these values does not mean 
that code values ought to be arbitrarily increased. Instead, 
many procedures must be upgraded based on the lessons’ learned. 
Many governmental agencies are presently moving to establish 
procedures similar to those presented inven eS report. 

The tudy area has been divided into four 
ground shaking zones where, because of similar location and 


geotechnical conditions, structures with certain characteristics 
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would be expected to react (shake) similarly to the same 
earthquake. This Similar shaking can be evaluated by a 
Structural Engineer based on the graphs presented as Figs. 2D and 
PES 

The Seismic Hazard Zoning Map (Fig. 2B), 
combined with the information on Table II (Seismic Hazard 
Requirements), will provide the building official information to 
evaluate the levels of earthquake consideration required for 
various types of structures according to their proposed location 
within the study area, It is not intended to eliminate certain 
types of structures from various areas through zoning, but 
instead to set the requirements for the level of earthquake 
consideration required prior to design and construction. The 
level of consideration will vary according to the type of 
structure contemplated. FOr example, Makegane residential 
structures to be constructed on flat ground would likely not need 
any additional consideration over what is conventionally 
required, but the Seismic Hazard Zoning Map would provide 
information to the developer and potential owners where the risk 
may be high. for future ground breakage. For the design of 
critical structures which must be able to function after a_ large 
earthquake, however, stringent requirements for earthquake 
consideration and design should be levied as discussed in 
Sections 3 siltee) and Stlaeibrs Requirements for earthquake 
consideration and design of structures intermediate to the two 


extreme examples cited above should vary according to the size, 
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Occupancy and function of the structure (Sections Bailewy valiGl 
Biel 'O)) 
BLA Introduction 

The historic losses in Southern California due 
to earthquakes have been small; in fact, much smaller than people 
in other areas of the world are Willing to accept almost 
routinely -from hurricanes, tornadoes, riots, epidemics, or 
traffic accidents. It is generally agreed, however, that the 
potential for severe earthquake damage does exist, and that the 
various jurisdictional authorities should provide SeCUELEY 
against that potential. This section presents the results ot our 
Seismic Hazard Study and includes 75 POWeriul” Looms fo.” oie CIty 
of Newport Beach to minimize effects of seismic aCCLViLty: on 


fatunot cov olonment . 


Seismic Hazard Map - which will delineate 

areas where certain seismic hazards 

should be considered when building. 

Safety Guidelines - provisions for the 

location, design, and construction of 

critical structures in the city. 

rt is intended that these tools should 

discourage unfavorable site/structure combinations; but should 
not forhid a type of development if the public is willing to 
provide for proper design and Construction ; and Le the 
development is consistent with normal zoning ordinances. There 
is almost no place that cannot be built upon, provided the proper 


design and construction procedures are followed. The appropriate 


procedures (depend: son ‘the proximity to the fault (Ss), the 
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chanacten stics rome theatanlt (s)he thesioundation: soll or rock upon 
which the structure rests, the size, framing, and materials of 
the structure, and the Aamportanceor thei structure. 

Fora given site, the effects of the proximity 
ands characterisizes ofthe faudt, along withitheiefiects »ofivthe 
foundation. soul sorg,;meck;~tcans alii be combined! anto one, simple 
engineering chart, called the response spectrum, which describes 
the hazard of ground shaking. In general, the designer uses that 
response spectrum to select the proper size, framing, and 
materials to build an economical structure which will withstand 
the earthquake motions at ae site. It is intended that the 
spectra presented in this report not be used specifically for 
design except possibly in certain cass discussed later in the 
report. Instead, these spectra should be utilized as a guide for 
the building official to require and evaluate earthquake studies 
of specific sites within the City of Newport Beach according to 
the type of proposed development contemplated. 

Inprogeneral,) the exact response spectra 
describing ground shaking are different for different sites and 
dif ferentintautesee i butetitoringeological lyarsimilar sites and 
ehaxacteristically Wsimilars faults,4 ther *response «spectra “are 
usually quitetsimilar;e@at feast forthe accuracy ‘necessary to 
describe regional Seismic Hazard, That is, there are areas of 
similar response spectra in a given locality. It is therefore 
possible to subdivide areas believed to be affected only by 


ground shaking during an earthquake into zones according to their 
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respective response spectra. The zones are called ground shaking 
zOnes. 

In a given ground shaking zone it may not be 
economical to build certain classes of structures, For example, 
in an area of deep alluvium at great distance from a large 
earthquake, the ground motions wili be low-frequency, high- 
amplitude rolling." In general,» very tald buildings: jtend) Co 
respond by amplifying such motions; thus, such a tall building in 
that area must be extensively reinforced to be safe. That is, 
such a structure can safely be constructed, but it will probably 
cost more than if it were constructed in a more favorable ground 
shaking zone. 

Other potential seismic hazards such as ground 
breakage and ground failure (liquefaction, slope stability, 
excessive settlement, etc.) generally result in more serious 
consequences than ground shaking; however, the ground shaking 
hazard generally covers a larger area of influence as was 
evidenced in the 09 February 1971 San Fernando earthquake. 

zones of potential ground breakage and ground 
failure may be delineated in a similar manner as ground shaking 
zones. In general where the potential hazard is high <fom ,»these 
phenomena, these zoneS will dominate over the ground shaking 
zone. The general term Seismic Hazard Zoning has_ been adopted 
here to encompass all of these phenomena. 

An evaluation of these various seismic hazards 
is presented below. Their influence on the study area is then 


presented in terms of seismic hazard zoning. 
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keakegns Background 


sn ee? Faulting 

Several geologic faults may be found 
within the city boundaries. Of these,, the Pelican Hill and 
Newport-Inglewood Faults are the most prominent. With whe 
exception of the Newport-Inglewood Fault, there is no record of 
historical activity won any of the faults. There is réport. of 
offset of Tecent. terrace, deposits in. the Upper Harbor View. Hidils 
area, which would indicate recent movement in a geologic sense, 

An active fault zone, the Newport- 
Inglewood Fault Zone passes beneath the Lower Bay. This zone has 
a gencral N=S “alignment, entering the city boundary im the 
vicinity of the Coast Highway bridge across the Santa Ana River, 
continuing beneath Balboa Peninsula, and passing just seaward of 
Corona del Mar, This faulting has localized petroleum deposits 
in structural folds and traps. These are being produced in the 
West Newport Oil Field and are known to continue southward 
beneath, tre northern part of the city. 

The Newport-Inglewood Fault Zone has 
been rather extensively studied since 1933, the date of the last 
major activity inthis fault system. The fault zone is generally 
considered to consist of a series of semi - parallel subsurface 
breaks, defining a zone of rupture along which tectonic’ stress 
relief is apparently taking place, From well log records and 
deep Seismic protiling, 2 ie.known that there is. considerable 
offset at depth of materials along the.fault plane, and«that,this 


offset dies out towards the surface, Physiographic evidence, 
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S £ 
such as ancient fault scarps ang other linear featurzs, can be 


found 17 thee Gamtington Beach, Long Beach and Dominguez Hills 
AYGuS, bute One dre cVicent a bie iewpore Beach area. Numerous 
GUliiou) ry tdules are common, cvidence £Or several of these being 


found in subsurface groundwater barriers in the Santa Ana gap. 
Seismic profiles carried out at sea confirm extension of the 
Newport-Inglewood Fault Zone to at least the vicinity of Laguna 
Beach, Durther southward extension is unknown at this time. The 
fault extends northward through Inglewood, apparently ending at 
the Santa fMonica Mountains. 
cers Seismic Activities 

A recent unpublished open-file 
report by "the! California Division of Mines and Geology (62) 
provides an excellent summary of the seismic activity on this 
fault system, A listing of the stronger seismic events along 
this zone between March 1933 and 1970 is presented as Appendix E. 
From this table, it is seen that at least 10 events of Richter 
Maqnitude 4.0 or greater have occurred during this thirty-seven 
year period, These events have been distributed along the fault 
zone and demonstrate “the activity of this system. Other 
significant events occurring prior to the advent of modern 
strong-motion recording instruments (E933), and directly 
attributable to the Newport-Inglewood zone would include 
earthquakes in 1920, 1927 and 1933. Those occurring in 1920 and 
1927 were likely in the magnitude 4 to 5 range, while the 1933 
event has been assigned a magnitude of 6.3. A table of historic 


earthquakes which may have occurred on the Newport-Inglewood Zone 
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is included as Appendix F. From historic accounts, it appears 
that the 1769 and 1812 events may have occurred on the Newport- 
Inglewood Fault and probably had an intensity in the Newport 
Beach area equal to or greater than the 1933 event, while the 
1855 and 1878 events were probably equal to or slightly less than 
the 1933 event. im any Case, -the historic and recorded 
seismicity indicates that recurrence of the 1933 event should be 
anticipated. 

The 1933 Wagnitude 6.3 Garthquake 
has been reasonably well documented, and provides valuable 
information regarding the types and extent of seismic phenomena 
which were experienced, These descriptions may be used as an 
indication of similar phenomena which might be experienced during 
a seismic event which results in similar ground motions in the 
Newport Beach @wea, 

Tt should be noted that at the time 
of the earthquake, most of the construction in Newport Beach was 
Single - family, wood - frame dwellings, many of which have the 
ability to sustain appreciable motions without severe distress, 
Further, many seismic phenomena were relatively unknown in 1933, 
so that the absence of descriptions of these phenomena should not 
be taken to mean that they did not occur. The epicenter of the 
1933 event has been assigned a location some three miles offshore 
of Newport Beach, at a depth of 10 kilometers, The strong ground 
motion persisted for approximately 15 seconds, and has been 
described as a “hard shaking", The earthquake produced major 


damage in Long Beach, and has hence been labeled the "Long Beach" 
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earthquake. Major damage to buildings was also sustained in 
Santa Ana, Garden Grove, and at various locations in the beach 
areas between Newport and Long Beach. There were at least 78 
aftershocks of Magnitude 3.9 or greater in the months following 
the earthquake, No surface fault displacement was recorded, 
indicating that the movement was confined to the deeper portions 
of* the fault plane, Or occurred on’an Oftsnore fautt. trace, 

With respect to surface effects of 
the earthquake, "mud volcanoes" appeared at Cabrillo Beach and 
Seal Beach; “water was ejected from cracks" in the flood plain 
deposits between Huntington Beach and Newport Beach; pavement 
offset, lateral spreading, and settlement at bridge abutments 
occurred along the Coast Highway; in Newport Beach the water 
mains leaked and slides occurred along the bluffs near Balboa 
Island; and cracks appeared in the highway between Newport Beach 
and Laguna Beach, These phenomena are indicative of strong 
ground shaking and, more importantly, of at least partial soil 
liquefaction. 

Bip delle yr 25 Generalized Soil/Geologic Profiles 

As is evident from the foregoing 
discussions, the study area encompasses a wide range of geologic 
conditions. The soil and bedrock conditions were evaluated from 
the sources: sindicated= sin’ “Section -173, above, Based on the 
variations in soil and groundwater conditions and depth to 
bedrock, the study area has been divided into four Ground Shaking 


Zones, each with its own generalized soil/geologic profile. The 
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shaking zones are indicated in Fig. 2B and the profiles are 
presented on Fig. A-l, Appendix A. 

To divide such a geologically 
complex area into only four generalized profiles is a major 
simplification, necessitated by the constraints of the study. 
Certeaimvaréas;aespecially portionstof zonesse3 and®e4,°l are “not 
typicala torn those prefiles. Such conditions should be studied 
more thoroughly as discussed in Section 3.1.5, below, 

Dele Analyses 
eure. ut Rock Motions 
The study area has, in the 

geologic past, been subjected to seismic ground motions from 
activity on numerous source faults. In an effort to estimate the 
reasonably severe conditions of ground shaking which might be 
experienced at the site due to movement on the nearby or distant 
faults, the potential magnitude of activity on each causative 
fault, and its effect at the study area were studied. Of the 
known faults, three were postulated as being potential generators 
of significant earthquake motions at the site. These postulated 
controlling, causative faults, which are shown on Fig. 2A, are 
the 

Newport-Inglewood Fault 

Whittier-Elsinore Fault 

San Andreas Fault 

Recent studies by Seed and Idriss 
(24) have compiled empirical geophysical data on earthquake 
effects into simple but approximate forms which may be used to 


supplement recorded data in estimating potential earthquake 
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maqnitude, and to allow the estimation of ranges of engineering 
CNaractemictics of earthquakes in bedrock materials. the 
engineering characteristics of most use are the maximum 
accelerations and predominant periods of the time-histories which 
might result in the bedrock under a given site as a result of 
movements along a certain Pause. Those characteristics, 
acceleration and period, depend on the magnitude of the 
earthquake and its distance from the site. 

Earthquake characteristics are 
presented in Table I. Those characteristics were estimated from 
the above procedures, combined with the guidelines indicated 
be low: 

(a) The length of the fault was 

determined from the California 
Division of Mines and Geology, 
Geology Map obi Calg cornea 
(1:250,000). 

(b) Fault rupture was assumed over 
one-half the length of the 
fault. 

(c) Fault rupture waS assumed to 
progress along the fault at a 
velocity of 2 miles per second, 

The earthquake parameters presented in Table I represent 
our estimate of the credible maximum earthquake event which could 


occur on each fault, 
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EARTHQUAKE DESIGNATION 
AND DESCRIPTION 


A. Close Moderate 
magnitude earth- 
quake (strike slip) 


B. Local moderate to 
hign magnitude 
earthquake (strike- 
slip) 


Cy Pistant high 
magnitude earth- 
quake (strike- 
slip) 


POSTULATED 
CONTROLLING 
CAUSATIVE 
FAULT 


Newport- 
Inglewood 


Whittier- 
Elsinore 


San Andreas 


TABLE 1 


EARTHQUAKE PARAMETERS 


DISTANCE 
LOT CULY Or LENGTH 
NEWPORT BEACH FAULT (S) 
(MILES) (MILES) 
< 5 50 
24 120 
60 >200 


ESTIMATED 
MAX. 

PROBABLE 

RICHTER 


MAGNITUDE 


U0 


ESTIMATE 
PERIOD 


AT SITE 


OFFS5 


ESTIMATED 
MAX. BEDROCK 
ACCELERATION 


AT THE SITE (g) 
0.24 


ANTICIPATED 
DURATION 
(sec) 


25 


60 


100 


V6T as8eg 


7 of 


“Ent 


if 


if &4 
(4: 
> 
&;- 
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SP ra aa Soil Motions 

To determine soil and ground surface 
motions, the generalized soil profiles shown on Fig A-1 (Appendix 
A) were modeled into analytical lumped-mass systems with springs 
representing soil stiffness and dash-pots representing soil 
damping. Existing earthquake acceleration time-history traces 
were modified EO the acceleration-period characteristics 
indicated in Table I. The resulting traces for the Newport- 
Inglewood and Whittier-Elsinore events were Similar, and were 
combined into one event named the Newport/Elsinore event for this 
study. Both modified earthquake traces (representing the San 
Andreas and Newport/Elsinore events) were input at the bottom of 
the lumped-mass analytical models of all four profiles, The 
resulting ground = surface soil responses are presented in the 
form of response spectra on Figs. A-? through A-5 (Appendix A) 
for both earthquake events for each of the four soil profiles, 
Enveloping spectra are also shown, 

3.15453 Structural Response 

The response spectra and envelopes 
have a somewhat irregular shape, and their peaks and valleys 
represent a degree of refinement which is beyond the accuracy of 
the present study. For these reasons the enevlopes should be 
smoothed, This smoothing process includes consideration of 
repetition of high acceleration pulses to evaluate the severity 
of the response spectrum peaks, thereby reducing such peaks +if 


they are controlled by but one or two high acceleration pulses, 
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The response spectrum envelope for 
Ground Shaking Zone 1 (Fig. A2) is similar to the envelope for 
the response spectrum for Ground Shaking Zone 4 (Fig. AS). 
Likewise, the response spectrum envelopes for Zones 2 and 3 are 
similar. One suggested Survivability Spectrum (Section 3.1.4) 
for Ground Shaking Zones 1 and 4 and one for Zones 2 and 3 are 
presented, in@rig.” 2c. Also shown on Fig. 2C is the proposed 
Basic Design Spectrum (for 5% structural damping) proposed by the 
City of Los Angeles (40). 

Response Spectra represent the 
estimated response (acceleration, velocity and displacement) for 
a single degree of freedom system of any particular natural 
period of vibration. They may be used to estimate the earthquake 
response of structures idealized to single degree of freedom 
systems. The response spectra presented in Figs. A-2 through A-5 


(Appendix A) are calculated for 5% structural damping. 


The structural damping, together 
with the period, define the structure, but they are not 
indicative of the amount of ductility, and consequent 
IMaintenance, which might he appropriate. The planning for 


structures should contemplate the ductility of the structure 
(controlled by framing and building materials, and the amount of 
maintenance). The ductility can be described by a ductility 
factor which is equal to the ratio of the dynamic deflection for 
which the structure is designed to that deflection at the working 
Stresses. “Tie tallow ab livary hawitiechuilding yn materialsic and 


framing, as well as with the level of maintenance which might be 
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acceptable after the earthquake, This last item involves an 
element Of risk, “and, depending on how critical the structure LSy 
large or small amounts of maintenance might be acceptable, This 
aspect of risk will be discussed further in Section 3.1.69 below 
(Critical Bacilitiesy, 

Based on the foregoing definition of 
ductility, families of response spectra for various ductility 
factors can be drawn for each soil profile, such families of 
Spectra are drawn for profiles 1 and 4 (Ground Shaking Zone 1 & 
4) on Fig 2D and profiles 2 and 3 on Pig pZba. ohne aeuse ot these 
curves for assessing Seismic Hazard will be discussed in Section 
Bi Cbargs) ch ok levi itn 

Dig lie 4 A Liquefaction 

The term liquefaction as used here 
is the phenomenon in which generally cohesionless soils become 
fluid (lose all strength) during an earthguake. This phenomenon 
falls in the ground-failure Category for planning purposes. 
Winwet action results from Vibration of Sands and silts which are 
saturated (usually below the groundwater table). During 
vibration the sands tend to compact and thereby increase the 
pressure in the water between the grains. The pressure causes 
the water to move. When the soil becomes fluid it also becomes 
mobile, Liquefaction can result in surface movements from inches 
to tens of feet, 

Studies of recent earthquakes have 
concluded that some liquefaction has occurred in every -major 


earthquake ohserved around the world in the past 10 to 15 years, 
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liquefaction has been 


throughout history. Some 


recent examples of liguefaction include: 


(a) 


et) 


To 


a3 Seward 


Niigata (10 June 1964, M7.3)° — 


Extensive liquefaction to low 
lyang sport rcity adjacent. to the 
Sea of Japan. Some of the most 
dramatic results were 5. story 
apartment buildings iisting to 
as much as an 80° angle. 

Alaska (1964,M8.4) - Loss of 


port facilities at the cities 


and Valdez due to 
liquefaction - induced flow 
slides. 


San Pernando (9 Feb.19/71, M6,5) 
—““—GYQueraction at both Upper 


and Lower Van Norman Dams, the 


Jensen Filtration Plant and 
Juvenile Hall. 
have a potential Lor 


liquefaction, three conditions are necessary. 


(a) Generally cohesionless soils, 

(b) Groundwater. 

(c) Moderate or major earthquake. 
In Newport Beach, as in many other areas along most of the 


Pacific’ Coast. of 


North and South America, and many other areas 
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throughtout the world, all these conditions exist. For 
liquefaction to occur under these conditions, it is necessary for 
the shear stresses caused by the earthquake at the zone of 
liquefaction to exceed the liquefaction strength of the soil. 
Thus, larger earthquakes are required to cause liquefaction ata 
Site for denser soils, or for more distant events, 

Weltave analyzed the liquefaction 
potential in the study area by the method outlined by Seed and 
Idriss (25). The shear stresses for each profile caused by the 
earthquake parameters, indicated in Table I, were taken from the 
output of our lumped-mass computer program, Our preliminary 
studies indicate that liquefaction could occur in portions of the 
study areas as described in Section 3.1.5.3, helow, as a result 
of a major earthquake on the San Andreas Fault or a moderate 
earthquake on other faults including the Newport-Inglewood or 
Whittier-Elsinore fault systems. 

els Ss) Seismic Hazard Zoning 

The concept of Seismic Hazard Zoning is 
relatively new, but it depends only on modern accepted geologic 
and engineering methods, Consideration of the Seismic Hazard 
Zoning concept will lead to safer development, letting 
contemporary economics and usual zoning ordinances determine, in 
a natural way, the type of structure which will be built. We 
believe that this approach far surpasses any restricted building 
approach which would have an artificial but stifling effect on 


growth and development, 


tog ake ole «. 
ipdnee, ae | 
) -SBpReAcS AL, 32 aed on tobrn Seb ef nmobanat wurls 
rc iM? ss 2 Apwprin Pare ay ; os ‘es UseAY te 2 Gt)! wi} 


BGS jest, Certs 


shiek <o ‘s° dpasies .aale wecanT sag beens) ‘a4 ae lstata.nt 
Ta 


Ta AZDAt BENGY Os ba phi ue Pou bp? = 


a \ty Py 9 i; Stn ~o% i Ta) ,er ice = Vath 


wer oe ; rauwd gare avi Se. 
ioe oe Songs mo ealen' Vise v4 
1 “O93. tenaekde Xaadts af’ 
is ‘5 4 <«t clgat ab Cai nGLGAS , eet emet8g 
LaTy . ae aoe L 1a)0atA ocfEMmbHqQ 
Th ‘: ‘ a i © f <3 Hie he he 5 APE [e433 #9 
wt eave ml baediyvac » 2s 
r LA né aid 1 SNK STAG 
it vith giun* Zork “46 
semeseee Afi eronial Late 
isons Diao eee hoe 


ek. . fi 25 Diets Screed sa’ syahinn ant 

PEOLSSt Lalqoose.G _ LO Ka idles ; oh s4 Sud wai i aVi2T £o4 
‘set Singcs? «ae she : pol os: _sabiortit ao privoentiione fice 
om a - ae this . teqwane> 4 reek 
ee ta apnfeueoa 


oils aot! Mceietied 


TP ee | ayia 4 aves 
1 


4) are Paoier i “ 
ry 9 bane ek eae pein 
‘Deletes 2 een 


riser uy 
a7 aah f 


Page 25 


A preliminary Seismic Hazard Zoning Map 

is presented as Fig. 2B. 

Seles) Ground Breakage 

The technique of delineating the 
Seismic Hazard of ground breakage into zones for the limited 
level of effort intended here has been greatly simplified. The 
simplification involves taking published data on mapped faults 
and ground breakage such as that shown on Fig.l and enveloping 
fault zones and each fault trace with a 1000-ft. wide zone of 
potential ground breakage as is done on the Seismic Hazard Map, 
Fig. 2-B. The choice of a 1000-ft. wide zone is, in our opinion, 
sufficient tO encompass not only the presently mapped faults or 
zones of ground breakage, but also most subsidiary unmapped zones 
of older unmapped breakage. The 1000 ft. zone is intended only 
for broad planning purposes; and it should not be interpreted 


literally or used for designs. 


Bie ies < Ground Shaking 

The effects of ground shaking more 
than any other Seismic Hazards are controlled by the type of 
structure for any given level of intensity of shaking. For this 
reason, response spectra are utilized here to describe ground 
shaking. The methodology of response spectrum determination is 
shown graphically in Appendix A. The specific determinations 
made for the present study were presented in Section 3.1.4. Four 


Ground Shaking Zones are indicated on Fig. 2B. Bach ~zone, 2S 
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associated with a soil/geologic profile (Fig. A-1, Appendix A) 
and a family of response spectra (Figs. 2D and 2E). 
Ole leio so Ground Failure 

Ground failure during an earthquake 
is usually manifested in the forms of excessive settlement, 
Higuetaction (Section 3.1.4.4), or “slope “instability § (Section 
3.3). Excessive soil compaction settlement occurs in loose, 
granular soils. In general, for the study area, such soils are 
SXtureced; rand" = tnerelere, soll compaction, ah at occurs, is 
expected generally to be associated with liquefaction, 

Our studies indicate that the areas 
Of potential “liquefaction include much! of’ Ground Shaking Zone 3 
dndsGround “Shaking Zone» 4° “(riq,. " 2B) % Liguerl action’ “12s "not 
considered as a major Seismic Hazard in Ground Shaking Zones 1 or 
ae Until more detailed studies are completed, we recommend that 
Ground Shaking Zones 3 and 4 be considered zones of potential 
ground failure due" to" liquefaction;: but this ~prelininary 
conclusion should he checked before firm planning is based on it. 

Sloper instabality, (Section 353)" 26 
also a potential Seismic Hazard, We have zoned those portions of 
the> study Jarca, qwhiere (two Mcendit ions ss botheoccur;, the’ present 
GrOuUnC slope = tS. n00uUt, ZoP percents Or steeper, “221 “less “stabie 
geolosic rormations are exposed, Ensuing natural slopes in the 
study areavare "NOt "gener aliiv’™= swspected to fail” due ~to™ the 
eret  wiuake “process “alone. However, earthquakes could trigger 


slides in the slope instability seismic hazard areas where other 
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failures such as undercutting and heavy rains have reduced 
stability, 

All of the zones of potential ground 
failure are presented on the Seismic Hazard Zoning Map, Fig. 2B. 

Seles 4 Use of Seismic Hazard Zoning Map 

Recommended ground breakage, ground 
failure and ground shaking zoning are presented on Fig. 2B, 
Seismic Hazard Zoning Map. The zones of potential ground 
breakage should be considered separate zones not controlled by 
ground shaking. The ground shaking zones 1,2,3 and 4 correspond 
with the generalized Soil/Geologic Profiles, Fig. A-l. The 
families of response spectra for zones 1,2,3 and 4 may be used 
only for preliminary ground shaking and liquefaction evaluation, 

Big, 2¢ presents reconmended 
survivability spectra based on the maximum credible earthquake 
events which could occur, The Building Official may or may not 
wish to use such spectra for preliminary design spectra. The 
Building Official may wish to use a less severe design spectra to 
design structures for little .or no post design earthquake 
maintenance, 

Survivability earthquakes are very 
severe events, for which damage would be widespread throughout 
the Los Angeles basin. A structure might be designed to survive 
without complete collapse for such an event though it would 
likely require substantial reconstruction and reinforcement in 
the aftermath (eGiec, the spectra from these very large 


earthquakes could be used for the survivability design of the 
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structure at high ductilities). It is the responsibility of the 
building official to determine the ultimate design philosophy 
compatible with public. safety. This firm would be happy to 
provide assistance for such decision making. 

The zoning “presented in Pig. 25 
should be used in conjunction with recommendations in Table II 
and the discussion in Section 3 of Sarl report, The overlap in 
ground shaking zoning in some areas represents uncertainty as to 
which soil/geologic profile is most closely represented by any of 
the idealized soii/geologic profiles. In areas where Ground 
Shaking Zones overlap, the Ground Shaking Zone which results in 
the most severe conditions should be used. The zoning slimes 
must be considered approximate both in soil/geologic conditions 
and in areal extent, and not necessarily representative of any 
one particular site. 

The Seismic Hazard Map and the 
response spectra are intended predominately for identifying 
Selcnic. Nagarcdy wonwea “regional basis,s not for use in structural 
design. As an example, we propose to group structures into three 
broad categories and describe example use by the Building 
Offa@cial: The following categorization of structures is 
suggested: (1) residential and 1- to 3-story light industrial or 
cormercial structures; (2) medium rise or high-density occupancy, 
nonchiticaemestructures; and (3) high mise Or Critical seructures 
(hospitals, schools, etc.). The suggested uses of the Seismic 
Hazard Zoning Map and spectra for these structural categories are 


presented in Table MII. For seismic-hazard consideration, the 
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STRUCTURE TYPE 


1. Residential and 
1=- to 3-story light 
industrial or com=- 
mercial structures 


2. Medium rise (4-6- 
stories) high den- 
sity occupancy or 
unusual structural 
geometry 


3. High-rise (greater 
than 6-stories) and 
critical structures 
(hospitals, schools, 
etc.) 


TABLE I1 


SEISMIC HAZARD REQUIREMENTS 


GROUND SHAKING ZONES 


None 


Can be used aS a con- 
servative minimum design 
requirement by structural 
engineers if no aseismic 
design investigation is 
done. Ifsa reduction is 
desired a special inves- 
tigation should be per-= 
formed. 


Special investigation 
should be performed 
for each structure, 


POTENTIAL GROUND 
BREAKAGE ZONE 


Indicator of risk of 
potential ground 
breakage 


Seismic hazard inves- 
tigation siculd pe re- 
quired: 


Not advisable to site 
critical structures in 
this area unless very 
extensive investigation 
provides information to 
the contrary. 


* For the study area these areas may he zones of potential 


liquefaction 


(i..6,, around shaking zones*3 and .4) or 


zones of potential seismically triaqered slope instability. 


ZONES OF POTENTIAL 
GROUND FAILURE * 


Indicator of po- 
tential risk 


Seismic hazard in- 
vestigation should 
be required. 


Not advisable to site 
critical structures in 
this area unless very 
extensive investigation 
provides information to 
the contrary or special 
designs to account for 
the potential qround 
failure are incorporated 
in desioan, 
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builder of a particular structure can evaluate what order of 
magnitude of a seismic design will be required for a building 
permit according to the fundamental period of the proposed 
structure and what ductility (maintenance) he wishes to use. For 
structures im Category 2, the builder may choose to use the 
curves on Figs. 2D and 2E, or to perform a specific seismic 
investigation for that specific site... If the builder elects the 
first option, he should provide recommendations from a structural 
engineer for , the fundamental period of the structure and 
ductility tactor, Further details on design philosophy for 
critical structures are described in Section 3.1.6 which follows. 
Bde Site Studies for Criticaisraci litres 

Future site studies for hospitals and other 
enerqency Critical facilities in »the Southern California area 
must be done more carefully and thoroughly than has been the 
general standard of practice in the past; The City should 
require, through its Department of Community Development, a 
thorough and complete study of the site and building design for 
all semi-public and private facilities which are of the 
emergency-critical type. Such buildings (or. structures would 
include, but not he limited to: 

(a) Hospitals, and other medical facilities 
having surgery or emergency treatment 
awedsi, 

(pb) “Fare and police stations; 


(c) Municipal government centers; 
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(ad) Ppublite “weility service centers and 
storage facilities; 

(e) Designated civilian emergency centers; 

te) “Schools accommodating any “grade *tirough 
the tb2en -grade; 

The above list was obtained from the recent proposed change to 
the City of Los Angeles proposed building code change, 

The Georougn = srudpres*™rercrrpeu “tu =for= "thie 
ahove-listed structures should include but not necessarily be 
lint ie ba the, following +consiGeratrions: 

(a) Adequate geologic mapping, trenching and 
boring to determine that surface faulting 
and ground breakage has not occurred on 
the “site, and is *unlikely to “occur in Che 
future. 

(b) Adequate boring and field and laboratory 
testing to determine accurately the 
subsurface profile and the static/dynamic 
properties of “the *soil/rock materiais; 

(c) Thorough regional studies of all possible 
Causative faults and fault systems which 
could generate motions at the site; 

(dq) Studies to determine the character of 
ground motions at the site, and to derive 
response spectra for all important 


causative faults; 
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Calculation of design response spectra, 
based on repetition, and on, structural 
properties (damping, ductility); 

Careful dynamic design of a cohesive 
structure, each element of which works as 
a part of the entire structural system; 
Thorough study of the ways in which the 
structure might disassemble if it were to 
fail, and inclusion of redundant backup 
features to control disassembly so that 
outright collapse cannot occur. 

Design of a damage control plan for 
emergencies; 

Design of anchorage and bracing for all 
critical in-structure systems (examples: 
emergency power, heat, light, oxygen 
supply, etc.), based on factors derived 
from dynamic analysis, providing generous 
and conservative safety factors; and the 
manufactured equipment and appurtenances 
purchased for such a facility should 
likewise be designed; 

Selection of architectural details and 
fixtures that aid structural response and 
will not be hazardous; 

Planning and policing of inside space use 


So that rolling or sliding furniture and 
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fixtures will not be hazardous, and so 
that caustic or Critical ‘chemicals will 
remain intact; 

(Lye Thorough inspection. of “Constructzonm to 
ensure that designs are complied with, to 
include a written certification by the 
Contractor that” “all work ‘was.-done “in 
strict accordance with the plans and 
specifications; 

(my) "Periodic inspection*of fall structures and 
systems to determine that to detrimental 
modifications are made, and that proper 
maintenance is provided, 

The foregoing tabulation is intended as a check list for the 
building Opeicaal in evaluating the level of seismic 


investigation for critical structures. 
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3.2 TSUNAMI 


A tsunami is a sea wave generated by a_ submarine 
earthquake, landslide or volcanic action, A major tsunami from 
either of the latter two events is considered to be extremely 
remote for the study area, 

Submarine earthquakes are common around the edges of the 
Pacific’ Ocean, as’ well °as othér°areas{° °Therefore, all of the 
Pacific Coastal areas are subject to this potential hazard to a 
greater or lesser degree. 

fsunamis travel across the ocean as powerful, long, but 
low waves; perhaps 50 miles long and ornly'l or 2 feet high(19). 
Traveling at almost 500 mph in the baci eie! such a wave in the 
Open causes no problems, and, in fact, the slope of the wave 
front may be imperceptible to a ship at sea. However, as the 
tsunami waveS approach the coast line, they are affected by 
shallow bottom topography and the configuration of the coast 
line, which transform the waves into very high, potentially 
devastating waves, If large waves do not occur, strong currents 
(as high as 40 feet per second) can cause extensive damage. 

The most damaging tsunamis are usually associated with 
vertical tectonic displacements. Furthermore, observable 
tsunamis are usually only caused by large earthquakes with a 
Magnitude of about 7.5 (M7.5) or greater (19). Smaller tsunamis 
are usually only recorded in the form of tides, 

Me ESsunany on the ocder of 2Zosft. An heignte hit “Crescent 
City, California, in March 1964, as a result of the Magnitude 8 


Alaskan earthquake, and resulted in damages of approximately 
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911,000,000. Most of the loss was harbor and boat damage. This 
TEUN-Up A winindatecayabout 30 .city toliocks,1n anvascea.of about’ 100 
acres. Themyjority of one-story, wood-frame buildings that were 
Situated in a@eas where the water depth exceeded about 4 feet 
were either destroyed outright or were so badly damaged that they 
had to be demolished later. This destruction extended over 
approximately half the area inundated. Losses in the remaining 
half was due primarily to water damage. Although there was some 
damaye at the Los Angeles 6275,000) and Long Beach ($100,000) 
harbors associated with the Alaskan earthquake (20), there was no 
Significant damage reported at Newport Beach (E). 

Movement aiong the Newport/Inglewood fault system would 
be’ expected: tO be primarily horizontal, based on present 
information. The 1933 Long Beach earthquake (M6.3) occurred on 
the Newport/Inglewood fault system, and did not result in tsunami 
damage at Newport Beach. It is questionable that movement along 
the Newport/Inglewood fault system could cause a significant 
tsunami affecting the study area. Tsunamis can, however, be 
triggered by distant earthquakes, as in the case of the one which 
hit Cescent eCity, about fo00 miles from the triggering movement. 

ete is NOt “possible to. predict the» Jikelihood: “or 
magnitude of a major tsunami. The Newport Beach area is afforded 
some natural protection by Santa Catalina and San Clemente 
islands,” Tits aries not) taniliar with any taunamt damage which 
base occult ved een Mine studvearea,, DLiidis felt chat tthe: chance of 
major damage from a seismic sea wave is not great for the coastal 


beaches and Newport Bay Harbor entrance, and is negligible for 
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inland hay apeas. Moves "can, “however, “diso xcesult from 
landslides into Newport Bay. Porm “Land planning, wt is 
recommended! that energency-cra tical facilizves (Secton’ 331.6) not 


be constructed on low-lying waterfront properties, 
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25m SLOPE SOAR ries y. 
Figure 3 is presented to denote’ the areas of steeply 
sloping terrain (areas where the existing ground slope is on tne 
Order ©£ 25% for move; so thatoumajor cuts fand sfillsare necessary 


for development), and areas where the more unstable geologic 


formations are uxsosed. These are th: areas of iost concern in 
consideringeslope Stabilitysillt isituntomtunaterthal, sow 2exge 
extent, those areas overlan, Tie more unstable arcas generally 
represent the exposures of Monterey Shale, the Capistrano 


Formation and the Trancos Member of the Topanga Formation. 

To a large extent, these potentially more unstable areas 
remain undeveloped. To develop these areas in a stable anu 
economical manner, it will be necessary to evaluate local slope 
stability conditions carefully, and to reinspect cut slopes 
during construction, The stability of slopes in these materials 
depend, not only on the inclincations of the slopes and the 
pronerties of the geologic formation, but also on bedding planes, 
vagrant perched water seepages, and faulting. The city will want 
to see that the proper geotechnical investigations and planning 


are employed in developing theSe areas. 
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3.4 EXPANSIVE AND COLLAPSIBLE SOIL 

An expanSive soil is one which will substantially 
increase in volume when wetted and, because the process is 
reversible, shrinks when it dries. This is. characteristic: of 
cohesive, clayey soils, such as “adobe™..« Collapsible soils are 
loosely packed, fine-grained materials which are sometimes 
lightly cemented with soluble materials or clay. When these 
materials become wet, the soluble cementation, if present, is 
Gestroyed with a resulting collapse of the soil structure. This 
leads to large settlements even under small loads, 

Southern Callrorniiavand, wt particulam, Orange.~ County, 
is an area plagued by potentially expansive soils. Not only do 
direct damage costs amount to many millions of dollars per year 
(for Southern California), but the damage is usually reflected in 
lower property value and resulting tax revenues. The probleis 
resulting from potentially expansive soils can be controlled by 
proper engineering, and --bVey pLOper es COnstriction: practices’. 
Therefore, the presence or absence of expansive soils should not 
ber sancribicalut actor ein, overalin land planning... What is critical 
is to ensure proper engineering and construction practices are 
observed. the City “should remain cognizant of the problem; 
especially as the city may develop northward and eastward, it 
would be growing into areas of potentially expansive soils. 
Figure 4 divides the study area into expansive soil probability 
zones as identified below: 

Expansive Soil Zone I Moderate to highly expansive 


soils likely. Developments 
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should include plans to account 
for such Condztrons, 

Expansive Soil Zone II Moderately to highly expansive 
soil possible. Site 
investigations should evaluate 
such conditions, 

Expansive Soil Zone III tModerately to highly expansive 
SOllS” are” not expected’, Site 
investigations should confirm 
these conditions, 

We recommend that the Department of Community 
Development review plans for projects in Expansive Soil Areas I 
and IT «to see Chat “precautions are being’ taken “In those areas to 
Minimize the problems associated with expansive soils where 
necessary. 

Collapsible soils are not considered prevalent in the 
study area, and need not he considered in overall land planning. 
thas ondetton "cam, however, occur locally,” and” shoutld™ be 


addressed hy all geotechnical studies in the City. 
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3.5 EROSION 

Erosion has been anmajor factor in shaping the Newport 
Beach land areas. Most cd the low-lying land in the Bay area is 
the result of material eroded upstream and transported by water 
tor its, presenti jlocation. This process continues, especially 
during periods of flooding, and in doing so reduces river and bay 
capacity" fore flow, storage and navigability. On a national 
scale, the estimated annual cost of damage resulting from 
sedimentation alone is $500,000,000 (23905 Theses problems! sare 
especially acute for the Santa Ana River and Newport Bay and its 
telbutardes, 

Although wind erosion is significant in many areas, 
water is the major source of erosion in the study area. Silts 
and fine sand, because they are light (unlike heavier sana anu 
gravel particles), are usually not strongly cemented (like 
Clays), and are generally the most susceptible Material to 
erosion. Therefore, it is not surprising that the soils making 
up the land masses in the Lower Bay area ane composed 
predominantlv of silts and fine sands, 

While much erosion is attributable to natural causes, 
civil engineering projects can also have major negative effects. 
The most common negative effect is to remove the natural 
plant/tree: cover wand toycut Inco ythemweastiy eroded ».sterilde 
underlying materials. Construction into hillsides results in 
steep slopes which erode easily and cannot be easily maintained. 

Less obvious negative land development effectS can 


include such factors as raising the ground water level which can 
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dissolve natural soil cementing agents, thus increasing their 
OO aig ye AZ ayes 

re (ls estimated that erosion ongrading projects is 200 
times greater “than for pasture land and c2000 ttimes: greater than 
for Vand an “tanber "(23-0 “any “Land=pLlanning cand ‘construction 
practices can be used to reduce erosion and sedimentation, These 
practices inc rude: 

(a) Use sites best suited for development, Sites with 
steeply sloping topography, higniy erodable 
mavervals, -oOr™dn natural’ istream? schanneis).<can be 
left as green belt areas, Structures and other 
facilities can be clustered in areas more favorable 
to development. 

(pb) Minimize grading. Fit developments to the existing 
topography. Leave as many trees and plants in 
place as possible. 

(c) Leave exposed soil bare for as short a time as 
possible. In developing large tracts, work in 
small units to minimize exposure time. In some 
cases, areas can be covered with mulch or planted 
if they must be left graded but undevelopeu for a 
considerable time. 

(d) “Control run-off during and after- construction. 
This requires planning erosion controls, such as 
terraces, drains, berms, storm sewers and channels, 
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(e) Detain run off on the site. COnSeruct "sediment 
basins on site to prevent loss of materials. 

We recommend that for larger projects, especially those 
where significant earth moving or land clearing@is ““contemplated, 
Or where ground “water levels or drainage courses will be 
effected, the effects of the development be analyzed with regard 
to the following questions: 

(a) What is the SUSCEPUtIbIlaty (fo erosion Gf the 

materials at the site? 

(b) What natural mechanisms are working ‘to increase’ "or 
retard erosion (i.e., slope, planting, topography, 
etc ws 

(c) What effect will the project have on the existing 
erosion conditions? 

(a) ith the presently planned erosion SOncroL 
features, what will be the primary effects of these 
changes at the site? 

(e)) What awit) he the secondary effects of these changes 
downstream? 

(f£) If the answers to Questions d and e are 
unfavorable, what changes can be made in the 
proposed project to prevent those unfavorable 
effects. 

AS an initial guide to the answer to Question a, above, 

Fig. 5 has been prepared by generalizing tentative erosion 
classifications presently being confirmed and/or modified by the 


Soil Conservation Service of the United Stated Department of 
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Agriculture (C). The erosion classifications indicated in Fig. 5 


are defined by the Soil Conservation Service as follows (22): 


Uneroded or slightly eroded: Less than 25 percent of the 
original surface 6 inches or of the A horizon 1f deeper, 
or of the plowed layer removed. 


Moderately eroded: 25 to 75 percent of the original 
surface 6 inches, or the A horizon if deeper, or if the 
plowed layer is removed. Where eroded by wind, nummocks 
up to 25 inches high may occur as well as an occasional 

blowout area. 


Severely eroded: 75 percent or more of the original 
surface 6 inches, or the A horizon if deeper, or if the 
plowed layer has been removed and as much as 25 percent 
Of “the isubsorl. Occasional deep gullies and frequent 
shallow gullies may be present. Where eroded by wind, 
hummocks more than 25 inches high and blow-out areas are 
common, 


The data presented in Fig. 5 should be updated and modified as 


more data is obtained. 
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3.6 SIIORELINE REGRESSION 


Beach erosion has been a continuing problem in the West 
Newport Beach area (13). Waves affecting the Newport Beach area 
vary seasonally, approaching from the south during late spring, 
summer, and fall, and from both south and west during the winter 
storm periods. Some shoreline littoral movement also occurs as 
local westerly winds blow sporadically onshore (E). 

The annual preponderance of wave energy originates, however, 
from surf generated by storms occurring in both the southern 
hemisphere, and «in the |.northemn) jhemisphere off. the Central 
American coastline, during April through October. As these waves 
proceed northward, they attack diagonally, and are not adequately 
refracted to attack the affected West Newport Beach in a frontal 
fashion, Thus, the major littoral movement is upcoast with an 
inadequate amount of beach material returning to replace the 
loss, The net effect created a serious shoreline regression 
problem in certain areas west of the Newport Pier. East of the 
Newport Pier (Balboa) the beach front is oriented more towards 
its prime field of exposure to wave energy,and beach erosion has 
not been a serious problem within this portion of the study area 
a apts ire 

The general beach Jimits were established: am 1936 when 5.5 
million cubic yards of sand were dredged from the Newport Bay and 
placed upon all heaches of the Newport-Balboa ocean front. 
Although Balboa Beach has held its configuration, the West 
Newnort Beach has had a general loss of beach width. Beach 


erosion became very serious during che Po Co—69 period. 
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Subsequently, major filling and construction Operations have been 
CONELNULNG Hema thateiianca . About 2 million yards of additional 
far heverbsecn placed, In’ @daation,= four Srubbles around” rock 
groins (vhave = beenl aconstructed,. whth. fourrmore ‘scheduled. to ‘be 


built, to reduce littoral drift. The groins have been effective 


in, reducing, beach) erosion. Ones Vad@itianal>” groin as being 
considered at 62nd Street. However, it is under interim study to 
determine its actual need. leestisrmexpected “that, with) the 


addition’ of the groins, the erosion problems will be better 
controlled, although thevsystem=ewill) still cequire, study and 
periodic maintenance (E). 

In the past, the prime source of beach sand has been local 
rivers. The Santa Ana River deposited 3 million cubic yards of 
Sands ine ia @delta ean front of theo Santa.Ana River mouth jetties 
after the heavvirains of theawinter*of 1968-69. The» river» oniy 
deposits substantial quantities of sand during flooding periods. 
Other sources of sand have included dredging and import froia sanu 
and gravel quarries upstream along the Santa Ana _ River. These 
sources, however, require strong quality control measures to 
avoid transportation of material containing high colloidal 
content onto the bathing beaches €). 

It does not appear that shoreline regression need be a major 
factor in overall land planning. The consequences of beach uses 


should be evaluated on an individual project basis, 
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3¢7 MINE RAGURE SOURCE DEPLETION 

“iineral resource depletion is usually a result of 
urbanization. Because the process is slow and does not attract 
attention like a flood or an earthquake, it often goes unnoticea 
by thet public, Mowever, the accumulative depletion costs 
associated with building over mineral resources, and thus 
reducing their availability can be quite large. 

The primary mineral resource which can _ be Hoste by 
urbanization in the study area is most likely the loss of 
huilding materials. Such materials include sand, gravel ana 
crushed rock for concrete and road base and also clay for briek 
ance “edace™, This study did not indicate any major sources of 
agqregate in the study area, lowever, therevare:s Nensby, sounmces 
along che) Santa’ Anan ives Pete Ou TAVALIIC Ce Operey meee) ace 
sources of granular fill material in the Hw sreastwvof! utacar cin 
LOIS erg 

(aa) OOo tee omitiac cae WinitMesio Weave ciineral 
resource depletion, it is necessary to evaluate the requirements 
for such iineral resources in the study area, and to Sore Late 
that recuirenent with the available resources withaneor jsadjacenc 
to the study area. In addition to aiding in land planning, such 
a study might indicate areas which would be of priority to annex 
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3.8 SUBSIDENCE AND EXCESSIVE SETTLEMENT 

Uhaierscudy did not, disclose any... significant. subsidence 
problems in the study area. Subsidence is not expected to be a 
pRebien en the.-future and. therefore, not. a, factor, .in . land 
planning. 

tne “general, .,the,. soils, within ,the study area are not 
compressible under usual loading conditions, A notable 
exception, .however, is the Upper Newport Bay Area. In this 
reqion loose and soft soils predominate. The most compressible 
bay region is Big Canyon and northeasterly of the upper end of 
the Upper Bay where soft, compressible silts and clay are 
previalant. 

Placing fill to develop the Upper Bay region woulu cause 
excessive settlements unless special precautions were taken. 

Uta iSeesunelvwathate curcharging, (placing, additional, fiki 
temporarily to settle the area prior to construction) would be 
effective ..in. minimizing. .areal. .settlements. However, it is 
expected that major structures of more than two to three stories 
would have to be pile-Ssunported in many areas, Detailed 
geotechnical studies should be made prior to any development of 


the Upper Newport Bay area. 
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3:..9;) FLOODING 

Flooding has been projected as the major cost hazard in 
Callfornigy “omaha ginext thirty ssyearns .(20).. Flooding in the 
Newport Beach area has not been as severe a problem as in certain 
other Oranqe County areas. Probably the potential for greatest 
danage within the study area lies along the flanks of the Santa 
Ana River, This river drains an area of over 2400 square miles, 
extending into Riverside and San Bernardino Counties, 

During the floods of 1938, the low-lying basin within 
the study wea adjacent to the Santa Ana River were flooded. 
With the construction of Prado Dam in 1941, the flooding danger 
was reduced. However, during the storms of January and February, 
1969, the peak discharge of the Santa Ana River reached 19,100 
cubic feet per second, closely ~proaching the design capacity of 
20,000 cubic feet per second (14). There was serious erosion of 
the levees along the downstream portions of the river, which 
Pequiredt energency \mriprappang! and litaitations to, the flows, from 
Prado Dan. The levees held, but there was considerable pollution 
of the nver and nearby beach areas, 

It is our understanding that, even.with the presence of 
Prado Dan and GContanued Rupgrading, .of the. flood control 
facilities, the low-lying areas adjacent to the river could be 
inundated by an unusually large flow down the Santa Ana River, 
fie Ssh plans blestthat tilovse. Of. 2:.1/20 +o .5. times .the, design 
Capacity of the river could flow during extreme conditions (D). 


It is estimated that under the present conditions, flooding could 


a Lo Ps lan “ a : er “S02 nla iso 
<b on ry fate focal Fro! 
¢ sy et eeansh! ¥ Sau erqas Poiac 
ink ae: in eawatl sls ‘pnate’ Tr wheae ORS aihthy SEN th 
yaoet yheegs JOSS eve Do seas he abe sugit maiet .xevin Se 


a bin on ceeciad! ae bns Shieievihi cert miu hratyo 


ere sp git fatsn 1 TOD. Nad 6 


; etna ets iewol ans peey ~ ateot? 363 nla 
LibAeks Gres abv. BAA e722 alld 20 Seoohthn GAS yoole + 
{dumes Babuosss: "San , SPSS et ed obes8 To BUAJOUI Bie «SI ks 
‘{nowiey tus wtdiiel So aptinta BM eRtauE  \seenent ~ariitees inte 
Of. @F boterse Gouan BBA panne Slt Io spiereat® sac, ss Mie 
ogiot-ou Aneesh add prisoaotgayiesals sonore to7 FOP? 
qidker aitedeee 2iw-eren? ot VS) baoune racy dnek whtis OO OS 
ide dade sett Ae Haoliaad fleuacameah els wreela anevol os 
2t7. Shi enn ;aederril bes Bangqeaqyes  yoaspwers Sexi Ees 
0:9 fou .ldlereyteter aow gees gud. bee saavel SD el. offi 
gO ER eet witha) bs wav od % 
seasoned eid aN" et ec, aMi az fT 
resi ur le ma ‘niert 
B gmigintns ame «tings iiioa 
tse oF qi ectebaues 
ay Pas ibscnshauieart ae 44 


ae sail 


Lia's piled ore 7 ie 


agi) DS wae | Rania) sits ” - i; 


Ei tipcs 


Oe ane Aer ies aero: ie 


- 


Page 48 


occur which exceeds the design Capacity. Such a flow might occur 
on the average of once every 30 to 40 years, 

A Santa Ana River Basin Study is Currently being 
performed by the Water Resources Investigation Section of the 
Corps of Engineers, The Corps is studying an array of 
alternatives to increase the capacity of the Prado Reservoir 
and/or the Santa Ana River. The target date for the completion 
of that study is June, 1973, 

The main contributaries to Upper Newport Bay are the San 
Dieqo Creek and, to a lesser extent, the Santa Ana-Delhi Channel. 
The peak discharge along San Diego Creek during the 1969 storm 
was about 6,700 cubic feet per second, and it is estimated that 
such a flow would occur on the average of once every 50 years 
(14). Flood damage along this drainage system occurred 
predominantly within the nee) of the tributaries because the 
bay is so wide that it easily handled tributary runoff, However, 
because the water flowed much slower in the bay, the heavy loads 
of soils which had been eroded from the tributaries were 
deposited in the recreational areas of the bay. 

Flood damages along San Diego Creek included the washing 
out and flooding of MacArthur Boulevard when water flows exceeded 
the capacity of debris-plugged culverts at Jamboree Road, and 
damage to other roads and agriculture. The flooding potential of 
San Diego Creek is also being studied by the Corps of Engineers 
and they expect to report on their findings in the fall of 1972, 

Unless the studies presently underway Dy the Corps: or 


Engineers indicates to the contrary, or until corrective measures 
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are taken, it should be assumed that the low-lying areas around 
the Santa Ana River and San Diego Creek are subject to flooding. 

The flood study areas indicated on Fig. 6 indicate some 
of the areas where potential flood areas might (but do not 
necessarily) exist. The areas have been delineated from 
conversations with personnel with the Corps of Engineers, from 
mapped general geologic and topographic conditions, They do. not 
always consider specific flood control provisions already in use, 
and do not include field evaluations. 

The flood study areas shown in Fig. 6 indicate areas 
where it seems reasonable from this limited study that potential 
major flooding problems might exist. There may be potential 
major flooding problems in areas not delineated (such as the San 
Joaquin Hills in the eastern portion of the study area), and 
there may be areas within the delineated potential flood areas 
where no such flooding problem exists. A more detailed 
evaluation is beyond the scope of this study. Potential flood 
areas should be evaluated carefully from the standpoint of 
community planning, and, in particular, from the standpoint of 
siting emergency facilities. The reports being prepared by the 
Corps of Engineers are expected to evaluate this. potential 


hazard. 
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STUDY 
in the mtroductory portion of this report, | this 
complete, Many of the areas where further studies 


are listed below, Furthermore, this type of study 


must be continually updated and refined to be an effective land- 


planning tool, Recommended updating procedures are also 


presented helow: 


ie SeLenicity - 


m @ 


Pe 


This stucy has resulted in identification of 
potential seismic hazards (ground DEES yo pSneni ng 
and failure) with coarsely wuefined probabilities 
and areas of influence, Certain refinement and 
quantification (within the limits of the state - of 
-mowledge) are definitely desirable, 

Previous soil investigations in the study area 
have not been designed ‘to obtain data for 
seismicity evaluation. therefore,..at present, 
little data necessary for refinement and/or 
quantification is present, Lois, information 
requires careful field mapping, special Ora Ling 
and Sampling techniques, sophisticated dynamic 
laboratory testing and computer analysis which were 
beyond the scope of the Phase I study, 

Much additional seismic hazard data can be obtained 
by using seismic recording instruments to help 


relate earthquake source and Enerdyvee CO. Ground 
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motions and related seismicity and damage (or lack 
thereof). 

To aid in updating and quantifying seismic 
hazard potentials, a check should be made of the 
type and locations of existing seismic recording 
instruments in the study area, It may be desirable 
to add such instruments if none are present in 
contain critical areas. 

This report presents "survivability spectra" based 
on the maximum credible earthquake event which 
could occur, It may be desirable to use less 
severe spectra to design for specific performance 
of certain strucutres. These criteria should be 
evaluated with City of Newport Beach personnel. 
Other spectra criteria can be developed based on 
other performance requirements as necessary. 

It may be desirable to develop additional 

seismic design criteria fOr certain type 
structures. Such criteria would probably include 
recommendations for making existing structures more 
earthquake resistant, 

Because the -field of soil dynamics is rapidly 
expanding, the results of the study should be 


updated on a frequent (semi-annual) basis. 


Mineral Resource Depletion - 


As the pressures on the City necessitate expansion, the 


City. 


can use or lose potentially valuable resources. 
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APPENDIX B 


RESPONSE SPECTRUM METHODS 


There are many ways to arrive at response spectra which may 
be appropriate for design. In this report, the synthesis method 
has been used. This method has been used because it is site- 
specific. 

Other, but nonspecific, methods were not felt suitable for this 
study. 

Synthesis Method 

This method requires an evaluation of the causative faults or 
fault systems, evaluation of the site, and a combining of those 
two evaluations to arrive at design criteria. Some examples are 
given in the text, 

This method is outlined in Fig. A-1. The site properties are 
defined, as shown in Chart A, in the Data Package A. The motions 
due to faults %Y,Z,...., are estimated from empirical data, as 
shown in Chart B, in Data Package B-X, B-Y.... These data 
packages are combined, as shown in Chart C-d, to arrive at the 
response spectra for an earthquake (fault x, fault Y,...) at the 
site, in bata Package D-X, D-Y,.... All of the D-Data Packages 
are combinea, Chart E, and enveloped to define, as Data Package 
E, the Site Design Spectra which represent the range of single 
degree of freedom structurcl motions at the site for all known 
causative faults, all structural dampings, every period of 


motion, and for any structural ductility . The design spectra 


ie doatw  RRipaAQN Menon ae ayberh oF eqewl urs ory opt 
‘Bast p an ateadsays bg) andes BE ot». episab i). git 4 Ina 
~agiti et Ab deidedd ‘deep. feet aaa ewiisahy aiv7- . baz seed enn 


~ch 19OnRe 


city rok wttinddon Safe? dou eaew abodter yartipgqense eed, tase 


Soe wi nal 
Y cotta lannes aes : 
20 egisic? sviaseeuns of? Te nblsen§ave ne. meksepor Hors sr 
eeods 9% yalalditien & bag ,aete adr ab aditevlaes Yatieseve Sivek 


P25 BIL QOUSR OIE ,or 1st bee agiahh Se aVinwe OY Bnolte lave mee 


aia seis ed ey. ‘Stie/ adh 6 fh. ES Rb bambLiiee ebchedsaie wir’! 

zngiayin awit? $) apetoa Sas4t ‘Sts it A éenity rit mwode at haAliol 

eh) ,hyab res area acini zag: vith Vere nate YAcelyst. oft oub 

Bye suad® an egret ed meso or) BA aM agedo one peode 

Sf a6 ae or hand sn8 avecde aa bdr dctitos ORE [nthe eS Ae rh 


adit bh Gan yht $4uba ak isha tegen “at sie pahomas: 5! | 
aepqdues isda ond 3 “olla nat ea eth ni edits 4 


opens achat are ae se hed ay sone esi area one 


A i 
hi fi, es Nees 
a » i 


ean 3m, Spa 7 t 3 aks oT 
” ea; wy in is ae i : hi : 
al? ii 


a He mr 


it i oo ii es a 


Zin ta ki 


et 


ii 


are the raw data the Structural Mietday needs to plan his 
SELUGTULNE . 

In addition to the technical raw data, the Structural 
Engineer must also conform to the local law, usually in the form 
of a Building Code. As Chart F attempts to show, the Code takes 
consideration of many factors, including the public's willingness 
to live in seismically active areas, Unfortunately, that 
willingness, as well as the attendant obligations and 
responsibilities, Ghart F, are only included by implication, 
hence any misunderstanding of public acceptance of risk must be 
litigated. 

The Structural Engineer, in the context of the Architect's 
design concepts, uses the spectrum and the code, along with his 
own knowledge, experience, judgment, and sense of responsibility, 


Chart G, to design a safe and functional structure. 
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APPENDIX C 


EARTHQUAKE ASSOCIATED DAMAGE 
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The contents of this Appendix were adapted from a larger 
narrative on elementary seismicity prepared by Mr. L.S. Cluff of 
the affiliated firm of Woodward-Lundgren & Associates. 

EARTHQUAKE ASSOCIATED DAMAGE 

It is aw@mmonly held misconception that distance from the 
surface trace of an active fault is the best assurance against 
earthquake damage. Experience has shown that the intensity of an 
earthquake is not mcessarily highest at the surface trace of the 
earthquake generating, fault... If thesstructure is not astride an 
active fault, it matters little whether it is alongside the fault 
trace or several miles away, because energy reaching the surface 
will be almost the same at the two points, everything else being 
equal. 

Earthquake damage depends on many variables: earthquake 
magnitude, epicentral location, depth of focus, duration of 
shaking, intensity of shaking, near surface soil and geologic 
conditions, structural type, and design. Damage related to 
foundation conditions depends upon material density, shear 
strength, thickness, and water level. Thus, @proximity .to an 
active fault should not be given undue weight when deciding where 
to build; more consideration should be given to ground conditions 
and structural design, 

Farthquake associated damage is usually manifest in four 


separate forms: (1) fault displacement; (2) strong ground motion 
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(shaking); (3) ground failure; and (4) tsunamis (seismic sea 
waves), The first three of these are of importance here and are 
described below. 


Faulting 


Faulting, as the movement or fracturing along faults is 


called, may have horizontal and vertical components Of 
displacement and may vary from a fraction of an inch to many 

reat,’ eLivitie 1Calaiornie earthquake of gipril ibd. 1906) <hnorizontal 
offsets along the San Andreas fault averaged from 8 to 15 feet 
and ‘occurred “£rore.just’ north ‘of Sam duan 'Batistatto north of 

Point Arenayp a distancexof more than 200umiles; 

Practuring aixki searing associated with faulting is often 
Observed fin “the letieid cto: beyofiw a  awininie  andven ecielon 
character, with severni rlanes of displacement being formed 
through geologic time (millions of years); thus the term fault 
zone is a more realistic designation. Theviudexacty location tand 
characteristics oC sa tau Lipezone Trarevrok xcvitel Asconcern) Ltn 
estinating ‘the hazard from faulting. Once a fault is formed, it 
constitutes a plane of weakness (that mclocabizes, furthex 
adjustments. Active faults usually are associated with one or 
WOre FOL Che entorpowstig: that uctornter record” ofr faulting acthe 
occurrence of earthquakes along their courses, evidence of 
geologically recent movement (the last few thousand years), and 
slow fault slippage. A fault should be considered ACCiVEGenGy Re 
has displaced recent alluvium or other recently formed deposits, 


whose surface effects have not been modified to an appreciable 
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extent by erosion, which has earthquakes located in the near 
vicinity, anda whose recurrence of movement is expected. 

Some fault zones, such as the San Andreas, are more than a 
nite “wide San” places, containing many “fault: traces” within. the 
proadPzone,. “One might’ “asks; “What. is the \ relative’ risk: lof 
developing or locating structures within such side active fault 
zones?" Assigned risk (SR or RSR) need not always be extreme. It 
depends upon factors such as type of development, intended land 
use, type of structure, and site location with respect to the 
active fault traces. The broad fault zones have been formed over 
long periods of geologic time and in some future geologic time 
(millions of years) not only may the present fault traces be 
reactivated, but new traces may be formed, However, 1f - we 
consider this problem from the standpoint of “engineering design 
time", (of the order of 100 years, say) the probability of fault 
movement is much higher along the most recent fault traces that 
liewthin the broad fault Zone. In such risk assessments, 
perhaps weak soil conditions which may arise from crushed rock or 
gouge in a fault zone would turn out to be more crucial factors 
than concern over the exact positions of future faulting. 

It is often believed that assurance against earthquake damage 
is directly proportional to the distance from the surface trace 
of a known active fault or fault zone. There is much evidence 
that the intensity of an earthquake is not necessarily highest at 
the surface trace of the earthquake generating fault. If the 
structure is not astride an active fault trace, so that 


displacement may shear it in two, it may not be decisive as a 
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damage factor whether it is alongside the fault trace or several 
miles away; wave energy reaching the two sites may be comparable. 
Damage resulting from faulting occurs only where works of man are 
located astride the fault traces that move, During the 1906 
earthquake several buildings of wood-frame, low story 
construction located near the fault were relatively undamaged, 
They were also located on stable ground. By contrast, buildings 
located 10 to 20 miles from the fault, such as in Santa Rosa and 
San Jose, on relatively less stable ground were almost completely 
destroyed in the 1906 shock. 

Avoidance of damage from fault dislocation can be achieved by 
recognizing the most active fault traces and either locating 
structures eisewhere, or allowing for fault movement in the 
design, This is a significant hazard only in a few localities, 

Strong Ground Motion (Shaking) 

Damage from strong ground motion (shaking) is caused by 
the transmission of earthquake vibrations from the ground into 
the structure, Themain variable factors that determine the 
extent. of vibrational damage are: type of ground, earthquake 
resistant design, quality of materials and construction, and 
intensity and duration of shaking. 

Different kinds of ground respond differently to seismic 
loading, The relation between soil and basement rock conditions 
and earthquake shaking is not clearly known, Estimates can be 
calculated if soil and basement rock properties are known but 
should be used with caution for risk estimation until more 


testing under actual earthquake conditions is done. The ground 


pas 


oe ae 4 80 ‘atzow 
; a0 er atid pot wrn! even 2 Me a 
"SG? G wo . @ Sis y Lae any, Mg 


Lanetiavun yievissiot ataw »iva2 sid Siow a iainest po tsoess fie) 


gynlolind . geettaae YY » bie Zh stdess he Bedecol onle aimy Yor? 
bis Ga0R Stand 2, 36 Sous sftkUes att nowt api of of OL 2adanes 
pLarvalgooy ‘sonia stu GAVOLTe aldose seat ykuvateler CO, enon Nhe 
yRaocnia “e0eL grit oh beyorstnebd 
id F9vesios 60 BAD satacvoleih ofust moat apamab to esachrovaA 
prt aot |) ptt bey be e283 stwad evisgon Jeon oink palstapoos 
otit ik Promerrei stun 407 patwolts “oO! ,s¢venweale eeavspotiy 


eolsitdvol wot £ At ytas Hrusx6 | 4csnitinete 6 ab ets 4c hseow 


+4 D 


— 


(op sisted) aorsaM Srwete pies: 
rams toner i 


Leeans oe oh ear e: ee a etige pa ama  Y poe 
~é wy? i 4 : n = = 
Wo, Dees ay (piitede) Acton pmosy eaiowin mop: permed 


cet 


edat bavdin sit ast: enolsaxdiy gdawpistas 36 Moan tmeas 2d. 


Bds  amtices ab “ats arodout. olideatiav nitmeit .,ouudvutte 9 


oteupe be leo ,brmyoty 19 edt gate apSieh Isqnitasdiv 9 S700 65 
bas  ,neddouztends bas aleineran tO | a ahere gob suadetaon 


eps taco to nok snub bine Mananeene 


Stmetoa oF dane 20 2h pangeot bauoxy ae abada: sonzarthS, " 
pepidubuas A'S saeprowed - bie L.toe maowand pokyates ‘ott ee. 


ae gine, osu use bar 


ae La 
a! 


re aEo, easamie’ grwoad “fsa 


7 “Ne ve 
- Line ‘ fs 
pas a 


7 Bae, insite o3n, aebraageia 120% 4 oie 


ae io ro 3 
Paar 
atl » 


Sea ay 


ww 


Vid 


motion associated with a great earthquake (similar to the 1906 
California shock) has never been recorded instrumentally. 

Many urban areas are presently located along and near active 
faults. For example, along the San Andreas fault, throughout its 
length from Northern to Southern California, along the San 
Fernando fault in San Fernando Valley, along the Calaveras fault 
near Pleasanton, along the Hayward fault in the East Bay Cities, 
along the San Jacinto and Inglewood faults in Los Angeles and 
Southern California, and the Wasatch fault near Salt Lake City, 
Uta. Continuing urban growth is bringing about a constant 
increase in the use of land near active faults that will most 
likely be associated with substantial earthquakes, Outside the 
city areas, industrial and utilities development is frequently 
considered for sites close to active faults. A case which gave 
rise to strong public controversy is the Bodega Head site north 
of San Francisco considered a few years ago for a nuclear power 
ELeactor,. 

In these circumstances, the following question is becoming 
increasingly frequent: "In what ways, if any, does the strong 
ground motion differ near the fault from the ground motion some 
distance away?" No strong motion records were obtained of the 
large 1960 Chilean earthquake, nor in Alaska from the 1964 shock, 
A widely used strong motion record in engineering design is the 
El Centro record, It, however, was obtained about 6 miles from 
the Imperial Valley fault along which displacements were observed 
in the 1940 earthquake, M6.9. In 1966, an array of strong motion 


instruments was operational across the San Andreas fault near 
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Cholame,. These instruments recorded the earth movements at the 
time of June 27, 1966 Parkfield earthquakes. A record of ground 
acceleration was obtained within the fault zone about 200 feet 
from a fault trace that contained a slippage crack that appeared 
across Highway 46 where it intersects the Gan Andreas fault zone. 
These records are the closest to an ae ndgake source (active 
fault) yet obtained. (The records showed that the vertical and 
horizontal motions of the ground differed considerably in their 
frequency content and structure.) There was a large ground motion 
(which amounted to a displacement of 10 inches) perpendicular to 
the fault trace. The maximum horizontal ground acceleration was 
one-half the acceleration of gravity (0.59), i.e., about 16 
feet/sec*. The, Guratcion OL them strong “Ground motion was 
extremely short, lasting only about 1 second. 

Although the records give valuable information, it is unclear 
whether the effects mentioned above could be scaled upwards for a 
large earthquake. The Parkfield main shock had a magnitude of 
5.6 and the length of fault rupture observed was somewhat less 
than 20 miles. Very little damage was reported along the fault 
zone, even though the short duration peak acceleration was 
surprisingly quite high. It is not clear whether a much larger 
magnitude earthquake might produce Significantly greater 
accelerations near the fault; a longer interval of ground shaking 
(duration) is, however, quite likely. 

Because we lack direct observations, forecasts of ground 
motion must be largely based on extrapolation from experiments 


in the laboratory, from visual observations of past earthquakes, 
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and upon suggestions from theoretical models, Certain likely 
properties of the ground motion near a fault can be stated for 
risk estimation, subject to the necessary cuation implied by the 
ahove statement of our lack of current observational information. 

Damage from Ground Failure 

Damage. "(rom ‘Ground failure “may -<occur chs several 
different forms; landsliding, liquefaction, and settlement. 

If the proper geological conditions exist on the ocean 
LL00n, § SUbaquecus "Mandslides or turbidity currents may be 
generated of Sufficient force to affect offshore and onshore 
structures, Li eee an, fea tnquake any the North Atlanuic 
. 821eree a WLGuevavouLey, high-density turbidity current that is 
believed to have * del “to the shearing of 11 Trans-Atlantic 
COMMUNLCatLon ~ CADLes. the “Sea floor over which this flow 
occurred had no more than a 2% to 5% slope, Numerous subaqueous 
landslides occurred during the 1964 Alaska earthquake causing 
extensive damage to nearby areas, especially from large water 
waves that were generated by the landsliding. Saturated granular 
layers were generated by the landsliding. Saturated granular 
layers located at shallow depth below the surface may be 
sucSCeéptibie to Viquetaction “during an earthquake. This 
phenomenon has frequently been observed in the past, notably in 
NiLjdca, Japan, i tooe ant Chile in 1960, 

In general, the greater the depth and relative density 
of a submerger sand “layer, the dess is “the danger of 
liquefactioo. Shallow loose saturated sands appear to be most 


liquefiable, deep dense sands least liquefiable, 


a - | : : ue \ | 


a 


 aaséonne- mamas F706 
we bpahete ou ih Ar a x Seed vagh Ye so ksteqniy 

Ot yo Vedas nokia | veauioasoge gto Di apebtre gnoslanii2s: Pers 
1 HELPERS tied ipnalierissdd pinay te Siig hare 28 SISTA? Byorrs 


AR SUS | SE! 6 RODS | SANT aad bows ret era di 
MIT Ae ee a seteupes bs lene Lb gees? tno 792! 
Nekto of82 S90 Setye aaetilhnes Geogeicap tegety. oft Fh 

wy lina wi pipidthd “py | Sar) fahret erosisedu: eal | 


eqoine ined pore tiey Sass) OA. were: 2aeesisae,) Fh Pipe yens 


L2eci ne os ‘xi iti. SBOE AIM Ae 3G | 5 see 42 Pr US Meta) © os ge 6 + 
bs ae. ioties Wlbi ded waters) miei) yt ia Paves © oY ; 
(hah IWS, a gre WEED Me a a 
ry] heme aia weed)’, ne | fe yy ir Pt; & CRiaas D1 Vo) S3hh Ss 
ates ceuoteinnlh> giqp lage, a? AL bah? Site, og war oo xan 
| " 


Wiimcto SAgupiswes” £ Cais’ fl bacl ha Wee Besapoes Eola Cyc si 

ow ed (erie Yl ehooees ance “wetober: a) SEAN - nV. etx 

Pe LPI w RY List otedipa iipeet Labsre aha. “a celebs aig Iid Foye 

WAtELD ay few? Be implvataiae.: , pile NP Bag sxatoy S204 @ tava! 

=) Ye Geese?) Gas weed | hegob ates te ledopel 27eya 
a if Ja eits sh inh. ppecea paises ‘ay 2F oldisgecague - 
tn ViGeteng) 260) one JL, ‘biaaoade alee 
| ae ry 


Vy a a 


(aa anak tietain lees — bd ~ ae 
ré 


20 pechaet aS) eu.) ai rad \ it 
if. a Lia 


siiints at hu: spies: Se he ee 
| - + 

ay 4 ' Pi i 
7 ee be en 
le o> 5 \ : 
a ’ 


APPENDIX D 
GLOSSARY OF GEOTECHNICAL TERMS 


The definitions presented are related to usage in this report. 


Active Fault: A geologic fault on which there has occurred 
significance subsurface earthquake activity, or any 
surface ground breakage, within post-Pleistocene 
time (generally taken as during the last 5 to 


20, O00myY ears). 


Aftershocks: A sequence of smaller shocks following an earth- 
quake. 
Alluvium: Geologically recent surficial deposits, which have 


not undergone significant cementation or consolida- 
tion. Typically sands, gravels, silts, or clays. 

Anticlinal Structure: An elongated fold in a rock mass where 
the sides or limbs slope downward away from the — 
crest. 

Basic Design Spectrum: Form of response spectrum (see below) 
proposed to be included in code changes relative 
to earthquake resistant design for the City of Los 
Angeles. 

Bedrock: The solid, undisturbed rock in place either at the 
surface or beneath superficial deposits of soil. 

Causative Fault: A fault which is considered capable of earth- 


quake activity which would effect the study area. 
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Collapible Soil: Loosely packed, fine-grained materials which 


are sometimes cemented with soluble material and 


which collapse when wetted. 


Controlling Faults: The most important causative faults (see 


above) for the study area. 


Critical Damping: The minimum level of damping at which a 


system will return to its neutral position without 


oscillation. 

Dip-Slip: Type of fault movement in which the principal re- 
lative motion is in the vertical sense rather than 
the horizontal sense. 

Duct arlity.: The measure of the ability of a plastic body to 
undergo large deformations without fracture. 

Dynamic Deflection: Deflection under dynamic (seismic) load- 


Expansive soil: 


Fanglomerate: 


Bau: 


Fault Scarp: 


ing. 

A soil which has the capability of large 
volume changes reflecting increase or decrease in 
moisture content. 

A sedimentary deposit resulting from rapid de- 
position of eroded materials in alluvial fans. 

A plane of breakage in rock or soil, along which 
significant (greater than an inch or so) offsetting 
of the two sides of the plan has taken place, due 
to tectonic forces. 

A relatively steep, straight slope which is 


caused by the movement along a fault. 
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Panui Trace: 


Sd 


The line of intersection of a fault surface with 


the earth's surface. 


Ground Breakage: Lateral or vertical displacements occurring 


imethe wuopeseveral feet of s5011),0% rock and extend- 
ing to a fault plane at depth, due to movement on 


that fault plane. 5 


Ground Lurching: Surface cracking or distortion due to motions 


Ground Shaking: 


of the ground during an earthquake. Not necessar- 
ily directly connected to a faultep lane « 

Motions of the soil or rock during an earth- 
quake. May or may not result in breakage, lurch- 


ing or other phenomena. 


Liquefaction: The sudden large decrease of the shearing resis- 
tance of a cohesionless soil resulting from high 
water pressure between soil grains. 

Offset: The horizontal distance between two parts of a 
disrupted bed previously joined. 

Response Spectrum: Ameraphical<toolgot structural dynamic 


Reverse Fault: 


analysis relating the response of a structure(in the 
forms of deflections, velocities and accelerations) 
to ground motions (including those resulting from 
an earthquake). 

A steeply inclined fault, on which motion is 
orimarily in a vertical sense, with the "over hang- 


ing" side moving upward. 


biBOKe bet door 46 sine ke 10% ieiovee aoe va 
Ob Joemevde of Sub .. A¥aeb oe. onaty ‘thighs io? ee 
, omakg tived Teds 

LOtTon OS suk Holt povaks py gnidogis Seated My eedidSred bavesd 


‘ecee2en 36K yedeupdy std. ae gaia: bnuate ois 26 
$nain wed) a ae ba370nKG60 yiroorhb yl2 
“A7t0S 0 BHbTEeD doa9, ‘os lice alt te anoitom “gsAsne bayord 
‘Oul ,SgedenTe We 1Lde9t ton Yam ao yam . Stave 
~ sramnse ty tenIo xb gti | 
“eitog galvaeads sfs. to Seen Tosh ogtat Sebbya eit -ROLstoateupl J 
fgid ward gtitiveas Llet aesinotasdos & 20 saan? 
tility ites! asexted syUs29TY Tosa. 
S 20. 02184 ov? oeswyel e7rht2ib [ayqoxitrod wat -Fe2bl0 
-enket ytewoivery bod besquieib 
otacuve Tetutsurte te ines tavidgery A. rea td SetoqeeH 
Sig WE )atetyeres2 & 30 cenagsen oA gabtatoy epntanis . 


(anbtsuaeindon | bee ear rivolay sinobtas seb 29 aaxo8 
AovE wills Meer saed3 ase). ‘soottam bitvors 03 


= * yy. e 7S 


| Ai hi a ics : va 
[ oe 
ah sabre ita Re: tue ton Hone ys fqooze,. 
oa " I an Ts 7 " 
fe ee en 


, or eh ae date 


aM at if ms BP ie 
i ae io os 


el 
oe i a ie 
f. i ay : 
ss a 
« 
he 


a "he 
| 


bos Re a 


Rigitor Lert. lateral Fault: A fault on which relative motion 


is primarily in a horizontal sense, with the motion 
of the opposite side of the fault, when viewed from 


One side, to either the right or lett, respectively. 


Seismicity: Related to earthquakes. 

Shoreline Regression: Loss of beach width. 

slope Stability: The ability of a slope of soil or rock mater- 
ial to resist moving downhill. 

Soil or Structural Damping: The (velocity) diminution of the 


Soil Stiffness: 


vibrational responses of a soil/bedrock mass or a 
structure, expressed as a percentage of critical 
damping (see above). 

' Resistance of a soil mass to deformation under 


loading. 


Subsidiary Faults: Auxiliary cracks either branching obliquely 


Subsidence: 


or lying subparallel to the main line of rupture. 
A local mass movement of earth material in which 
surface material is displaced vertically downward/ 
areal settlements with little or no horizontal 


component. 


Survivability Spectrum: The site-specific response spectrums 


(see above) associated with the ground motions 
resulting from the maximum credible earthquakes 


occurring on controlling faults (see above). 


Tectonic Stress: Stress caused by rock structures resulting 


from the deformation of the earth's crust. 
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Tsunami: Sea wave generated by a submarine earthquake, 
landslide or volcanic action. 

Working Stress: A stress below the yield or ultimate stress at 
which a structure is expected to perform satis- 


factorily on a routine basis. 
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56... Wood, He 0. ,2and Nw 7H. Heck, 1961, Earthquake Histor of 
the United States, Part II--Stronger Earthquakes of California 
and Western Nevada, U. cs Dept. of Commerce, U. S. Coast 
and Geodetic survey, Washington, D. C., (revised 1960 edition). 


Byer iC k anne (Gye Oo), we ie BLO Beach Earthquake of March 10, 
1955, andultsubirect, on Industrial Structures,'' Trans. 


Amer. Geophys. Union, p. 273-284. 


poe Wooden. Ose andun. iH atheck: Earthquake History of the United 
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Geodetic Survey, Washington, D. C., Serial No. 609, Revised 
L951) Eau tion. 


59. Wood, H. O., ''Preliminary Report on the Long Beach Earthquake," 
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75 INO MCG MAD IL HOSo8 
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Faulting with Application to the Long Beach Earthquake," 
Bull. Seism. Soc. America, v. 28, p. 77-84. 


61. Benioff, H., 1951, "Earthquakes and Rock Creep (Part I: 
Creep Characteristics of Rocks and the Origin of Aftershocks) ," 
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62. ‘A Review of the Geology of Earthquake History of the Newport- 
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